Aim :
significant in both ecological and livelihood related contexts. The major coastal island ecosystems of Goa include Grande and Sao Jorge Islands near the mouth of Zuari estuary off Vasco De Gama in South Goa. The Grande Island encompasses coral reef habitats such as coral patches and submerged rocks with coral outcroppings Therefore, the reef habitats around the island are major tourist spots for the purpose of fishing, scuba diving, littering and recreational fishing. A 130 m metal cargo ship SS Rita reportedly arrived carrying a cargo of railroad tracks. The ship sank near Grande Island in 1950s and the wreck was salvaged leaving a superstructure covered with molluscs and small soft and hard corals. The superstructure of the shipwreck that had reached 10 m below the surface was selected as study site. To compare the fish community structure, two natural reef sites of similar depth profile (10-15 m) were selected quite far from the shipwreck at a distance of 1 km. These natural reef sites are located at more than 500 m distance from each other.
Data collection :
The fish assemblages on shipwreck and two natural reefs were studied from September 2013 to December 2016 by three trained divers, assisted underwater visual census (UVC). The divers used a non-destructive point count method to document the fish assemblage on the shipwreck and natural reef sites (Bohnsack and Bannerot, 1986) . The fish communities on the shipwreck were counted using random transects, of 10 minutes each, conducted along the surfaces of the wreck
Introduction
The global patterns in reef fisheries is alarming in the recent past on account of habitat degradation, coastal developmental activities, bleaching events, bio-erosion, wave actions, cyclonic storm surges and destructive fishing practices (Hughes et al., 2003) . The decline in reef fisheries is primarily attributed to the alterations in its structural complexity and this is more apparent in tropical coastal ecosystems (Rogers et al., 2014) . To compensate the degradation in reef habitats and decline in resources due to anthropogenic activities and natural disasters, Artificial Fish Habitats (AFHs) are deployed to emulate functions and habitat complexity of natural reefs such as protection, regeneration of habitats and aggregation and enhancement of fish populations (Bohnsack et al., 1994; Pitcher and Seaman, 2000; Adams et al., 2011) . Therefore, these AFHs are compared with natural reef habitats in terms of diversity of fish species and trophic structure of fish assemblages (Arena et al., 2007; Consoli et al., 2015; Simon et al., 2013) . The complexity of habitat, size, number of shelters and vertical relief are the major factors influencing the fish communities in AFHs (Bohnsack et al., 1994; Gratwicke and Speight, 2005; Simon et al., 2013) . Therefore, many scientific reports compared the functional trophic structure of fish assemblages between AFHs and natural reef habitats (Stone, 1985; Murray and Betz, 1994; Arena et al., 2007; Simon et al., 2013; Consoli et al., 2015) . However, there are no reports from India which compared the trophic structure of fish assemblages between AFHs and natural reef habitats.
Fish assemblage studies on shipwrecks are quite challenging as they are found distant from the coast and their depth of submergence. The performance of shipwrecks as artificial fish habitats has been studied and these reports mostly describe the comparison of fish communities between shipwreck and natural reefs (Arena et al., 2007; Fowler and Booth, 2012; Simon et al., 2013; Consoli et al., 2015) . These studies have also focused on ecological/functional comparison rather than the taxonomic studies. The shipwrecks in India have been investigated from the archaeological point of view (Gudigar et al., 1996; Gaur et al., 1997; Tripati and Gudigar, 2001; Tripati et al., 2010) . However, the Indian shipwrecks are not thoroughly examined for their fish assemblages and species diversity. Therefore, in order to compare the fish assemblages on a shipwreck to the neighbouring natural reefs, a study was carried out employing underwater visual census (UVC) performed by divers in Grande Island, located in coastal waters of Goa, south west coast of India. In this study, trophic structure of fish assemblages was compared between an AFH (shipwreck) and two natural reef habitats to test the hypothesis that submerged shipwrecks can function as AFHs with trophic structure of fish assemblages similar to natural rocky reef habitats.
Materials and Methods
Study area : The islands around Goa on the western coast of India have extensive coastal and marine resources which are reefs (Table 1) . Total fish abundance was almost two times greater on shipwreck (1187.1) compared to natural reefs (603.2, 549.7) ( Table 2 ). The major trophic guilds on shipwreck were omnivores and carnivores with both the guilds being frequent in UVC (Table 3 ). In contrast, omnivores and planktivores were the dominant tropic guilds in natural reef habitats (Table 3) . Shannon and Margalef's indices were significantly higher for shipwreck habitat in comparison with natural reefs (Table 2 ). However, mean abundance, species richness and diversity were not significantly different between natural reef patches ( Table 2 ).
PERMANOVA showed a distinct fish trophic structure on shipwreck from that of natural reefs (Table 4) . ANOVA results showed that on the basis of habitat type, the mean density of carnivores, omnivores, planktivores and herbivores varied significantly between shipwreck and natural reefs. However, no significant difference was observed for various trophic guilds between the two natural reef sites. In SIMPER, certain fish species which differentiated the trophic structure of shipwreck and natural reefs were identified (Table 5) , and there were 55.1% and 56.9% average dissimilarities for fish assemblages in assemblages between shipwreck and natural reefs was compared employing similarity percentage (SIMPER) analysis. Applying this method, species that contribute significantly to fish assemblages were measured and ranked (Clarke, 1993) . Thus, pair wise comparisons were made to identify the diagnostic species in shipwreck and natural reefs. All statistical analyses were carried out using PAST software.
Results and Discussion
A total of 55 species (Table 1) were counted on shipwreck and 36 on natural reefs. Thirty six species were found to be common for both shipwreck and natural reefs, while 19 species were exclusive to shipwreck. O n l i n e C o p y hard substrates. Thus, it is clearly understood that the shipwreck has definitely served as an excellent habitat for these diverse fish species covering all the trophic levels. The haemulids species such as P. furcatus and P. guoraca accounted for greatest difference in trophic structure of fish assemblages for shipwreck from natural reefs. The greater abundance of haemulid species distinguished the fish trophic structure between shipwreck and natural reefs in many scientific reports (Simon et al., 2013; Consoli et al., 2015) . These species are carnivorous foraging on mobile invertebrates including bryozoans, hydrozoans and sponges. During day time, these species are reported to exist at deeper areas with hard bottom and at night, they migrate to soft foraging sites to feed on in-faunal invertebrates (Simon et al., 2013) . It is reported that this diurnal preference in habitat characteristics for these species are available in shipwreck and therefore, their biomass was significantly higher on shipwreck (Simon et al., 2013) . Moreover, haemulids prefer shelf edge habitats and edges of rocks to minimize the energy for searching and resting (Manooch and Barans, 1982; Froese and Pauly, 2015) . The shipwrecks are reported to provide shelter, foraging areas and resting sites for haemulids at the cost of less energy (Arena et al., 2007) , and this might be the reason for their greater abundance on the shipwreck noticed in this study.
shipwreck from the two natural reef sites. High densities of Pomadasys furcatus, P. guoraca, Pempheris multiradiata, Lutjanus indicus, L. fulvus, Ostorhinchus compressus Epinephelus coioides, E. erythrurus, Monodactylus argenteus
and Heniochus singularis contributed significantly to the average dissimilarity for fish assemblages on shipwreck from natural reefs ( Table 5 ). The count of fish species (55) recorded on the shipwreck, in this study, was considerably high as compared with previous reports from sunken vessels of South-east Florida (Arena et al., 2007) , South-eastern Brazil (Simon et al., 2013) , Central Mediterranean Sea and Southern Tyrrhenian Sea .
The high count of fish species, in this study, could be a result of the diver assisted UVC in which demersal and cryptobenthic species were recorded by trained divers exploring the crevices, holes and shelter habitats in the wreck. The superscript for the mean values indicates the grouping obtained in the post-hoc comparison and the same superscript shows no significant difference for the variables between shipwreck and control sites. Grouping was carried out only for species observed from all the three sites (shipwreck and natural reefs)
incidence of solar radiation. It should also be noted that the incidence of solar radiation and primary productivity will be significantly higher in a patchy reef compared to complex physical habitat such as shipwreck. Therefore, the plankton biomass would be more in natural reefs than shipwreck which ultimately attracts the planktivorous fishes it for grazing.
If the complexity of habitat is increasing, there will be an increase in the diversity and abundance of species due to availability of refuges (Bohnsack et al., 1994) . Due to increase in the number of refuges, the small species will be under less predation risk and hence their availability get enhanced. The shipwrecks possess complexity and heterogeneity as a habitat for fish assemblages which appears to be the important factors to explain its unique and diverse fish communities (Lassau and Hochuli, 2004; Consoli et al., 2015) . Fishes prefer a robust and The planktivorous species dominated natural reef sites in this study is surprisingly contrast to the earlier reports on fish trophic structure from shipwreck and natural reefs (Rilov and Benayahu, 2000; Simon et al., 2013) . These species prefer waters with high plankton availability and the abundance of plankton is influenced by primary productivity, incidence of solar radiation, wave action and current strength (Clarke et al., 2009) . The shallow natural reef sites near the surface have reduced planktivore biomass on account of resistance to water movements, reduced currents and plankton movement. On the other hand, shipwrecks have upper water column free of obstacles as the bottom of the wreck reaches to more deeper zones (Arena et al., 2007; Simon et al., 2013; Rilov and Benayahu, 2000) . However, though these factors affect the plankton distribution in the habitat, the major factor determining the plankton availability could be primary productivity and NR-natural reef; **significant at 1% level; NS not significant big physical structure for shelter in which there are lot of hideouts for them to safeguard from predators and to ambush at their prey as well. The presence of pipes, articulated structures, cabins, crevices, holes, hull fracture, crossbars and bulkheads makes the shipwreck a complex habitat for fish populations . These diverse sheltering habitats on shipwreck makes it superior in fish density compared to patchy natural reefs. Further, the two most abundant species on the wreck, P. multiradiata and O. compressus were omnivores. This confirms that the shipwreck provides both planktivorous and carnivorous food sources for these species. The previous scientific reports on the fish assemblages states that the planktivores are the major feeding group on shipwrecks (Arena et al., 2007) . However, benthic carnivores and omnivores represented the most abundant groups on shipwreck followed by herbivores and planktivores in this study. Therefore, it is obvious that the shipwrecks function as complex fish habitats with foraging sites and feeding resources for all these groups.
The complexity of natural reefs of Grande Island is comparatively less than other major reef systems along the west coast of India (Venkataraman, 2003) . There is a serious concern on the health of natural reefs as fish habitat in the coastal regions of India including the Grande Island in Goa. Excessive sedimentation, increased temperature, reduced salinity, climate change and ocean acidification cause damage to natural reefs (Manikandan et al., 2016) . A reduction in salinity near Grande Island is the end result of surplus runoff during south-west monsoon, and this will cause reduction in the extent of reef habitats and species diversity (Manikandan et al., 2016) . Intense tourism activities associated with the natural reef habitats resulted in physical damage of the habitats and prevalence of coral diseases (Lamb et al., 2014) . Therefore, the fish assemblages could have moved to a better complex habitat in the vicinity i.e., shipwreck. Shipwrecks are bestowed with high vertical relief in the water column which may increase the settlement of juvenile fish populations and attract the larval fishes (Arena et al., 2007) . The present study has indicated that the shipwrecks can act as artificial fish habitat, attracting fish assemblages contributing to a greater species diversity. 
